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is dynamic after injury, and instructs 
regenerative outcomes. Second, we 
have described the specialization of 
pluripotent stem cells (clonogenic 
neoblasts) into specialized neoblasts 
for many regenerative lineages. Our 
present model is that two fl exible 
systems (neoblasts fl exible in capacity 
to produce any missing cell and 
muscle fl exible in capacity to express 
instructions for any body location) 
guide planarian regeneration. We are 
exploring this model in some depth 
presently, and hope to understand 
how this might explain the capacity of 
planarians to regenerate any missing 
body part.
Do you feel a push towards more 
applied science? How does that 
affect your own work? No. Knowledge 
comes from curiosity-driven exploration 
of the unknown, and applied science 
grows from knowledge. I am committed 
to following a curiosity-driven 
approach.
Do you believe there is a need for 
more crosstalk between biological 
disciplines? For the most part, not 
really. There are ample opportunities 
to learn from other disciplines. 
People in search of answers to 
their scientifi c problems can easily 
seek out the methods, approaches, 
and collaborations that would be 
appropriate. To some degree, however, 
there is a case-by-case answer to 
this question — some people are 
distracted from drilling deeply into a 
problem by too much engagement in 
different fi elds, and other people might 
be exposed to something eye-opening 
with less myopia. 
What do you think about post-
publication peer review of papers? 
The more peer review has the 
chance to improve a paper before 
publication, rather than after, the 
better. Post-publication, findings 
can be built upon or critiqued in 
multiple ways, and I imagine additional 
reasonable approaches could be 
envisioned. That said, the natural 
scientifi c process of testing models 
and following leads through research 
and publication is a good way to 
continuously curate and enhance 
knowledge at the messy front of 
scientifi c understanding. 
Any strong views on social media 
and science — for example, the 
role of science blogs in critiquing 
published papers? Social media is 
a great way to bring the beauty and 
importance of science to a broad 
audience. Blogs can be effective at 
distributing diverse types of information 
and opinions. Other forums, such 
as journal-mediated venues, might 
be better than blogs for some 
scientifi c debates, to ensure balanced 
discussion. Follow-up, research-based 
papers can also be effective options for 
moving forward with scientifi c debates.
Do you think there is too much 
emphasis on big data-gathering 
collaborations as opposed to 
hypothesis-driven research by small 
groups? Perhaps. Of course, big data 
enterprises can be highly important. 
However, many of the best ideas/
fi ndings hatch in the minds of a small 
number of individuals obsessed with 
their problem, and working hard on it. 
It is important to enable this smaller, 
curiosity-driven (though not necessarily 
always hypothesis-driven) approach, 
and I suspect it is more appealing 
as a draw to most aspiring young 
scientists than larger consortium-based 
approaches. 
Which aspect of science do you 
wish the general public knew 
more about? All of it. With all of 
the general public and media focus 
on political, entertainment, and 
economic developments, I fi nd it sad 
there is not more space in the public 
consciousness for the amazing and 
beautiful developments in science. 
We are in the midst of discovering 
numerous new planets outside of 
our solar system for the fi rst time... 
We have sequenced a Neanderthal 
genome... We are fi nding the atomic 
structures of the major molecular 
machines in cells... Similar genes 
control developmental programs 
throughout the animal kingdom... 
There are countless incredible things 
happening in science that society is 
investing in, and it’s too bad so many 
people aren’t aware of them.
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What are marmosets? Marmosets 
are tiny New World monkeys from 
South America, predominantly native 
to Amazonia and the atlantic coastal 
forests. They are considered the smallest 
anthropoid monkeys, ranging in weight 
from 100–350 g. There are 22 species, 
which are divided in four genera: 
Callithrix, Callibella, Cebuella and Mico. 
Together with their closest relatives, the 
South and Central American tamarins, 
marmosets constitute the family 
Callitrichidae (Figure 1).
What’s special about them? The 
main characteristics distinguishing 
marmosets and tamarins from other 
New World monkeys are their small 
body size, the lack of third molar 
teeth, reproduction by dizygotic 
twinning, a long non-prehensile 
tail, non-opposable thumbs and 
clawed digits except a nail on their 
hallux. The clawed digits and their 
secondarily reduced body size are 
believed to be an adaptation to 
their predominantly tree-living life 
style. Today, marmosets, particularly 
the common marmoset (Callithrix 
jacchus), are frequently used in 
several areas of biology, including 
endocrinology, social biology, 
neurobiology, stem cell biology and 
reproductive biology.
How do marmosets subsist? 
Marmosets show a characteristic 
tree-gouging behavior. They spend 
more than 50% of their daily activities 
in gouging trees. They bite trees 
with anterior teeth to cause a fl ow 
of plant sap, which makes up the 
major portion of their food, which 
also contains insects and other small 
animals. Their masticatory apparatus 
is well adapted to tree-gouging and 
evolved in a way to produce relatively 
large gapes. In most marmoset 
species, the lower incisors are large, 
bent and lack lingual enamel while 
canine height is reduced. At the time 
when the upper incisors are hooked 





Showing the difference in external morphology of common marmoset (left) and moustached tama-
rin (right) (photos by Charis Drummer and Julia Diegmann, DPZ).continually gouge into it, opening a 
cavity.
How do they reproduce? Like 
humans, but unlike many other non-
human primates, marmosets are 
socially monogamous and cooperative 
breeders. They usually live in families 
of 3–15 individuals. They have a stable 
and solid social grouping. A family 
group of marmoset usually consists 
of a breeding pair, their offspring 
and their close adult relatives. The 
adult relatives are siblings or parents 
of the breeding pair. The breeding 
pair is usually dominant over the 
other members of the family group. 
However, if there are two breeding 
females, one is more dominant. 
For the other members of a family 
group, social hierarchical position is 
usually based on the age. Dominance 
is maintained through different 
vocalizations, postures, and behaviors. 
Pheromones may also play a role. 
Are they strictly monogamous? 
Marmosets mostly prefer one 
sexual partner. However, in rare 
cases multiple sexual partners have 
also been reported for both males 
and females. In a marmoset family 
group with two reproductively active 
females, the subordinate female 
mostly mates with males from other 
nearby groups. The subordinate 
female is usually the daughter of the 
dominant one. Subordinate females 
usually do not give birth to viable 
offspring. However, copulating with 
males from outside of the group may 
let the female fi nd a possible future 
mating partner. Subordinate females 
that are reproductively active but do 
not produce viable offspring usually 
leave their family group. These 
females join other groups and may 
gain leading breeding positions. 
What role do the fathers play? 
Marmoset fathers are virtually perfect 
fathers. They serve as babysitters 
for their offspring and carry them on 
their back. Together with the father, 
the other members of the group 
are actively involved in alloparental 
care of the offspring. The breeding 
pair behaviorally and physiologically 
inhibits reproduction of the other 
family group members. Moreover, the 
presence of the father or other closely Current related males inhibits ovulation of the 
female, but they do ovulate when an 
unrelated male is present. 
How do they develop? Early 
embryonic development is 
characterized by a signifi cant 
quiescence. Although the gestational 
period is signifi cantly shorter than 
in humans (~145 vs ~267 days), 
hallmarks of embryonic development 
are reached in the marmoset only 
weeks later — in humans, the fi rst 
heart beat can be detected around 
embryonic day 23, in marmosets 
only around day 45. This delayed 
development might be an adaptation 
to tree-living, which favors a low body 
weight of the animals. Furthermore, 
unlike most mammals, reproductively 
active marmosets get pregnant 2–4 
weeks after delivery of the previous 
litter. Hence, marmosets invest 
simultaneously in two generations of 
offspring.
Is it true that marmosets regularly 
produce twins? Yes, in contrast to 
humans, marmosets are capable of 
giving birth to twins or triplets without 
complications. 
Do we know how they can do this? 
Researchers found several alterations 
in some of the marmoset genes that 
might be signifi cant for twinning. 
These alterations are thought to 
function as an important molecular Biology 25, R775–R792, September 21, 2015switch from singletons, which are 
common in most primate species, 
to multiple pregnancies regularly 
occurring in marmosets. 
What else is special about their 
reproductive biology? Marmosets 
can produce offspring which are 
genetically not their own offspring, 
but that of their (dizygotic) twin 
sibling. This occurs through a 
phenomenon known as ‘germline 
chimerism’ that among primates 
is known to occur naturally only in 
marmosets. Marmosets are the only 
non-human primates that regularly 
produces twins. They are dizygotic, 
developing from two independently 
fertilized eggs. Hence, they are 
genetically not identical. 
But, how does that lead to germline 
chimerism? The placentas of the 
individually implanting embryos fuse 
and share a common blood vessel 
system. This allows the exchange of 
primitive embryonic cells between the 
genetically non-identical embryos. 
The exchanged cells contribute 
to different tissues including the 
hematopoietic system, and some 
of the exchanged embryonic cells 
appear to become germ cells that 
can enter the gonads of the sibling. 
In contrast to humans, where cases 
of germline chimerism are infertile, 
germline chimeric marmoset 
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“The nerve-net of the lower animals 
contains the germ out of which has 
grown the central nervous systems of 
the higher forms.” 
— G.H. Parker: The Elementary 
Nervous System, 1919
Although modern evolutionary biology 
has abandoned the use of ‘lower’ or 
‘higher’ for animals, the quote of G.H. 
Parker captures quite well the current 
understanding of the nerve net as the 
evolutionarily oldest organization of 
the nervous system, the major organ 
system responsible for processing 
information and coordinating animal 
behaviour. The degree of complexity 
of a nervous system — in particular 
its organization into substructures 
such as brains and nerve cords — 
shows fascinating variations between 
animals. Even within an individual, 
the nervous system can show parallel 
existing types of organizations that are 
only partially connected, illustrated by 
the well-known central and peripheral 
nervous system. In general, the 
architecture of the nervous system 
is adapted to the specifi c needs and 
lifestyle of the individual species. How 
these diverse and complex nervous 
systems evolved is an ongoing debate 
among zoologists and evolutionary 
biologists. 
The simplest organization of a 
nervous system is commonly referred 
to as the nerve net. The term nerve 
net is often used for a mesh-like 
nervous system in which signals 
can be transmitted in any direction. 
Here we use this term only in a 
morphological and not in a functional 
sense. A basic nerve net consists of 
an irregular arrangement of neurites 
from monopolar, bipolar or multipolar 
neurons (Figure 1A). The neurites 
form a planar sheet that is connected 
to underlying myocytes or other 
contractile cells. On the opposite 
side, the nerve net is connected to 
epithelial sensory cells — for example, 
mechanoreceptors — and can also 
involve neurosecretory cells (Figure 
1B). A nerve net thus can be suffi cient 
Primeran individual animal may contain 
reproduction-competent germ cells 
in its gonads from two genetically 
different individuals: its own germ 
cells as well as those of its sibling. 
Hence, their offspring may not 
be the genetic descendant of the 
physiological parents.
Does chimerism affect parental 
care? Chimerism has been noted to 
affect parental care especially male 
parental care. It has been observed 
that fathers provide signifi cantly 
higher care to chimeric infants than 
non-chimeric infants.
Baby marmosets benefi t from male 
parental and alloparental care, 
what do genetics say? Very recently, 
a novel variant form of the so-called 
love hormone, oxytocin, has been 
reported in marmosets and some 
other close relatives. Interestingly, this 
variant of oxytocin showed a clear 
correlation with litter size. Therefore, 
it is believed that this variant form 
of oxytocin might be responsible for 
male parental and alloparental care of 
marmoset babies.
How did the tiny marmosets evolve 
from a larger bodied ancestor? In 
contrast to other primates, marmosets 
and their tamarin relatives have 
undergone a secondary decrease in 
body size from a larger platyrrhine 
ancestor. The marmoset genome 
suggested this may be due to positive 
selection in fi ve genes related to the 
growth hormone/insulin-like growth 
factor axis, which have possible roles 
in body-size control. Furthermore, eight 
genes associated with adaptations 
for challenges of small body size were 
found. These genes are related to 
subunits of the respiratory complex 
I, which plays an important role in 
energy transduction and hence affects 
metabolic rate and body temperature. 
Are marmosets endangered? Due to 
its wide distribution and adaptability, 
the common marmosets — as well 
as  some other marmoset species — 
are not in danger of immediate 
extinction. However, many other 
marmoset species have a threatened 
conservation status. Wied’s black-
tufted-ear marmoset (Callithrix kuhlii) 
is near threatened, while golden-white R782 Current Biology 25, R775–R792, Septebare-ear marmoset (Mico leucippe), 
black-crowned dwarf marmoset (Mico 
humilis), Rondon’s marmoset (Mico 
rondoni), buffy tuft-eared marmoset 
(Callithrix aurita) and black-headed 
marmoset (Callithrix nigriceps) are at 
vulnerable status in the International 
Union for Conservation of Nature 
(IUCN) red list of threatened species 
(http://www.iucnredlist.org/search). 
The buffy-headed marmoset (Callithrix 
fl aviceps) is listed as an endangered 
species by IUCN. Habitat destruction 
due to human encroachment as 
well as the pet trade are among the 
major threats for extinction of these 
marmoset species. 
Where I can fi nd out more?
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